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Optimality models predict that territory size will decrease as the costs of defence increase. One poorly understood cost is predation risk, especially the relative influence of short-versus long-term increases in predation risk. Under natural conditions, we quantified the territorial behaviour of juvenile Atlantic salmon, Salmo salar, exposed to either acute or chronic increases in perceived predation risk. The effects of an acute increase in predation risk were assessed by exposing 18 young-of-the-year (YOY) Atlantic salmon to a control of stream water and to an alarm cue (i.e. conspecific skin extract) while monitoring their territorial behaviour. We investigated the effects of a chronic increase in perceived predation risk by quantifying the territorial behaviour of YOY salmon in control versus risky sections of seven sites, where we manipulated the perceived predation risk over a 4-week period by releasing stream water in control sections and alarm cue in risky sections. We found that salmon exposed to the alarm cue decreased the number of switches between foraging stations, but they did not change their territory size or foraging rate. As predicted, YOY salmon in risky sections had smaller territories than in control sections. However, their foraging rates and number of switches between foraging stations did not differ between treatments. Our study suggests that juvenile Atlantic salmon are sensitive to both acute and chronic increases in perceived predation risk under natural conditions, and support the predictions of optimality models that territory size decreases with increasing predation risk. Ó 2010 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Optimality models predict that territory size will decrease when the benefits or costs of defence increase (Hixon 1980; Schoener 1983) . Numerous field and laboratory studies have verified these predictions, typically by manipulating food abundance or intruder pressure (reviewed in: Grant 1997; Adams 2001). However, other factors affecting the benefits or costs of territorial defence, such as predation hazard, may alter this trade-off and influence the optimal size of a territory.
Territorial aggression may increase the conspicuousness of the defender to local predators, resulting in an increased cost associated with holding a territory (Lima & Dill 1990) . For example, common mergansers, Mergus merganser, are more likely to attack moving rather than stationary coho salmon, Oncorhynchus kisutch (Martel & Dill 1995) , whereas cutthroat trout, Salmo clarki, attack territorial threespine stickleback, Gasterosteus aculeatus, models rather than nonterritorial ones (Moodie 1972). Likewise, animals engaged in aggressive interactions may be less vigilant and allow potential predators to approach closer than nonaggressive conspecifics (Jakobsson et al. 1995; Brick 1998; Díaz-Uriarte 1999; Dukas 2002) . Thus, animals under increased predation risk are predicted to decrease their rate of aggression (Martel & Dill 1993) and territory size to compensate for the increased cost (Schoener 1983; Dubois & Giraldeau 2005) . Similarly, animals engaged in foraging may also increase their conspicuousness and decrease their vigilance, leading to increased predation risk (Godin & Smith 1988; Brown & Kotler 2004) . Animals defending a feeding territory are therefore also predicted to decrease their foraging rate in response to an elevated risk of predation (Helfman 1989; Lima & Dill 1990) . Because of the difficulty of manipulating predation risk, there have been few direct tests of this hypothesis under natural conditions.
Stream-dwelling salmonids have been a popular model system for investigating territoriality because they defend feeding territories both in the laboratory (Slaney & Northcote 1974; Keeley 2000) and the field (Elliott 1990; Steingrímsson & Grant 2008) . The territory size of salmonids is inversely related to habitat visibility (Imre et al. 2002; Venter et al. 2008) , food abundance (Slaney
